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Abstract 
The tall oil is a by-product resulted from the fabrication of softwood pulp by using the sulphate boiling 
technique. The most important components of the tall oil are the phytosterols, used in cosmetics, medicine. 
Lately, the phytosterols are introduced in functional foods due to their properties of decreasing the cholesterol in 
low density lipoproteins (LDL). 
In this paper the physical-chemical characteristics of the tall oil provided by the Someş, Dej Pulp Plant were 
studied. As a result of the studied carried out using analytical methods, it was determined that the content in 
phytosterols of the tall oil is of 2.68%. 
 
INTRODUCTION 
 
Phytosterols are alcohols with a chemical structure similar to that of cholesterol, that 
are found in the phytomembrane structure and have the same role as cholesterol has in animal 
cell membranes. Through vegetarian food, they are natural components of the human diet and, 
according to modern studies, they are biologically active substances for the organism 
(Piironen 2000).  Phytosterols help in reducing the blood level of the cholesterol contained in 
LDL due to their similar structure with cholesterol (Kemal, 2006). 
Common dietary sources of phytosterols are vegetal oils, cereals (wheat, corn, rye, 
rice), fruits and vegetables.  
However, introducing in the diet of foods that are natural sources of phytosterols 
cannot be done in the optimal quantity allowing for detecting the hypocholesterolemiant 
effect. As a result, many countries such as USA, Canada, Australia and also European 
countries, have developed technologies for extracting phytosterols so as to ad them in 
functional foods. 
Phytosterols present hypocholesterolemiant properties, antitumoral, antiinflammatory, 
antibacterial, and enjoy the status of GRAS compounds (Generally Recognized As Safe) 
recognized by the American Authority Food and Drug Administration (Moreau, 2002). This is 
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why many companies like Lipton/Unilever, Novartis, Degussa, Raissio/McNeil,  introduced 
phytosterols in foods such as margarine and tart creams, dairy products, chocolate etc. (Law 
2000).  
Phytosterols are found in nature in plants as glycosidic compounds, fatty acid ester or 
free state (Ju 2004). The main sources used in extracting phytosterols are the fractions 
resulted from oil desodorization (for example, from soybean oil, rapeseed oil, pumpkin seeds 
oil, corn oil, sunflower oil) and from tall oil, which is the by-product of softwood kraft 
pulping by using the sulphate boiling technique. Of all these sources, the tall oil is a favored 
material for extracting phytosterols because of its high content in these substances (Wang 
2002) The chemical composition of the raw tall oil consists in: 
- resin acids (abietic, dextropimaric, dehydroabietic) 38-46 %; 
- unsaturated fatty acids (oleic, linoleic, linolic) 36-45%, saturated fatty acids (lauric, myristic, 
palmitic, stearic, arachidic); 
- unsaponifiable substances (phytosterols, diterpenes, sesquiterpenes, resin aldehydes, 
phenolic compounds, superior alcohols) (Stanciu, 2004). Within the phytosterol category, the 
main component is the β-sitosterol (Wang and coll., 2001). 
In order to settle the extraction technology, a prior establishment of solvent type is 
needed. The paper intends to study the properties of different organic solvents to extract 
phytosterols from the tall oil. 
 
MATERIALS AND METHODS 
 
The tall oil was provided by the Someş, Dej Pulp Plant, production year 2006, and was 
obtained from Romanian softwood, that is spruce fir, fir, and pine. 
Quantitative determination of unsaponifiable organic substances was carried out 
according to the conditions set in STAS 145/15-67, by saponifying the sample with alcoholic 
solution of KOH 33%, for 4 hours at 110-120oC, extraction of unsaponifiable substances with 
200 ml solvent, washing the extract with distilled water until neutrality was obtained, solvent 
distillation and drying in the drying chamber. The following nonpolar organic solvents were 
compared: pentane, hexane, cyclohexane, benzene, chloroform, dichloromethane, carbon 
tetrachloride, diethyl ether. 
Quantitative determination of phytosterols cotained in unsaponifiables was done using 
colorimetric methods, through the reaction of phytosterols with concentrated suphuric acid 
and acetic anhydride (Liebermann-Burchard reaction) (Kenny, 1952). The reaction was 
conducted at at 37oC for 30 minutes. Phytosterols give a specific blue-greenish colour, 
evaluated at 430 nm. The reaction is a negative one for phytostanols, but they are in relatively 
small amounts in the tall oil, the main sterol being the β-sitosterol (Vikstrom, 2005).  The 
content was conventionally given in cholesterol, based on a standard curve (Figure 1). 
 
Figure 1: The standard curve for cholesterol 
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RESULTS AND DISCUSSIONS 
 
From the analyses carried out, resulted the following data presented in the tables 1, 2 
and 3. 
Table 1: Effect of the extraction solvents on the color of unsaponifiables 
Solvent b.p., oC D20 Dipole 
moment,µ 
Dielectric 
constant, D 
Color after 
extraction 
Pentane 36 0.65 0 1.8 Light yellow 
Hexane 68.8 0.659 0.08 2.02 Light yellow 
Cyclohexane 80.7 0.78 0 2.02 Light yellow 
Benzene 80 0.87 0 2.28 Light brown 
Carbon 
tetrachloride 
76 1.6 0 2.24 Yellow- 
reddish 
Chloroform 62.1 1.5 1.15 4.8 Very dark, non-
transparent 
Dichloromethane 40 1.34 1.14 9.1 The 2 phases have 
the same color, 
difficult to 
demarcate 
Diethyl ether 34.6 0.7 1.15 4.34 The two phases 
are not clearly 
demarcated 
 
Table 2: Effect of the extraction solvents on the yield of phytosterols 
Solvent P1 P2 P3 Average value of phytosterol extracted, 
%g 
Pentane 2.4 2.33 2.38 2.37±0.04 
Hexane 2.47 2.48 2.52 2.49±0.03 
Cyclohexane 2.7 2.78 2.77 2.75±0.05 
Benzene 2.79 2.83 2.81 2.81±0.02 
Carbon tetrachloride 2.3 2.36 2.39 2.35±0.05 
 
The selection of an appropriate solvent is guided by theory and experience. 
Phytosterols have an weak polarity due to their 3-OH group and it was found that the yields of 
phytosterols extracted increase with decreasing the dipole moment and dielectric constant of 
the solvent, so that the stronger non-polar character of the solvent, the greater yields of 
phytosterols. 
As it can be observed from the tables above, carbon tetrachloride have no dipole 
moment and similar value of dielectric constant to that of benzene, but their yields in 
extracting phytosterols are very different. This fact can be due to different molecular structure 
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of benzene and carbon tetrachloride. The solvation forces can be easier established between 
benzene and steran nucleus, which resemble in structure, than carbon tetrachloride. 
 The yields of phytosterols obtained using cyclic hydrocarbons such as benzene and 
cyclohexane were higher than those using linear hydrocarbons such as pentane and hexane. 
 Moreover, the extracting effect of aromatic hydrocarbons such as benzene was 
slightly higher than those using aliphatic cyclic hydrocarbons such as cyclohexane. 
The solvent organic phase was washed with different amounts of distilled water 
depending on solvent type, as table 3 shows. 
Table 3. Amount of washing distilled water needed to reach neutrality 
Solvent Amount of washing distilled water, 
in ml 
Pentane 600 
Hexane 400 
Cyclohexane 600 
Benzene 450 
Carbon tetrachloride 250 
 
Therefore, using benzene as the extracting agent is more suitable. 
 
CONCLUSIONS 
 
 The yields of phytosterols extracted increase with the non-polar character of the 
solvent. 
 The yields of phytosterols obtained using cyclic hydrocarbons such as benzene and 
cyclohexane were higher than those using linear hydrocarbons such as pentane and hexane. 
 The more suitable extracting agent was found to be benzene. 
The resulted data are a start point for obtaining phytosterol derivatives used in 
functional foods. 
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